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Abstract  Rice is a major staple food in Nigeria 
and currently, the production capacity of the 
country cannot meet consumers; demand. 
Therefore, large quantities of rice are imported 
into the country without recourse to their heavy 
metal contents. Several research reports indicated 
that there is a likely possibility of heavy metal 
contamination of foreign rice and associated 
health hazards. Therefore, this study seeks to 
analyse foreign rice in Nigeria markets and 
identified their health implications. The result 
obtained indicated that mean concentrations of the 
heavy metal ions were Cd (0.0014 ± 0.00005 to 
0.4322 ± 0.00005), Cr (0.0010 ± 0.00005 to 
0.1080 ± 0.00005), As (0.0006 ± 0. 0001 to 0.1711 
± 0.0008), Ni (0.0007 ± 0.00001 to 0.8865 ± 
0.00005), Hg (0.0024 ± 0.0001 to 0.0935 ± 0.001), 
Cu (0.0052 ± 0.00001 to 0.3208 ± 0.00005), Pb 
(0.0047 ± 0.00001 to 0.3974 ± 0.00001). Most of 
the imported rice brands have mean concentration 
(mg/kg) of the heavy metals below their 
maximum permissible limit (MPL) as set by 
FAO/WHO and Codex Alimentarius Commission 
(CAC). The hazard quotient (HQ) for the heavy 
metals in the imported rice brands range from 
0.0006 (6 x 10ିସ)  to 5.0 while their hazard index 
(HI) range from 1.2 – 9.31. Most of the imported 
rice brands (62.5 %) and all the rice brands (100 
%) had HQ and HI for the heavy metals greater 
than one respectively pointing to the, likelihood 
and high potential for non-carcinogenic risks. The 
cancer risk assessment value ranged from 8 x 
10ି଺ to 1 x 10ିଷ which suggest probability of 
cancer risks.  
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1.0  Introduction 
Rice is a cereal grain eaten by most countries of 
the world by more than 50 percent of the world’s 
population (Muthayya et al., 2014; FAO Rice 
publication). Rice like most cereal grain belongs 
to the grass family known as Gramineae and of 
the genus Oryza. Generally cereal grains are rich 
in carbohydrate, fat and even protein can produce 
energy called calories but carbohydrates produce 
more energy than others. Rice provides more 
energy to humans than most cereal and crop plants 
(Nayar, 2014). According to Juliano, et al. (2019) 
oat grain has more energy than rice. 
The nutritional value of food can be assessed 
based on its proximate, mineral, and toxicants 
compositions (Abdul-Hamid et al. 2007; Eddy 
and Ekop, 2005; Eddy and Udoh, 2005).  Oko et 
al. (2012) investigated the chemical composition 
of some fifteen different varieties of rice and 
reported that carbohydrate content ranged from 
51. 50 to 86.90 %, maximum ash content was 2.0 
% while the energy value ranged from 262.94 to 
398.82 %. Fat content (0.5 to 3.5 %), fibre content 
(1.0 to 2.5 %) and moisture content (5.00 to 
9.60%) were found to be relatively low. Highest 
concentrations of calcium, magnesium, potassium 
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and sodium ions were 0.13, 0.26, 0.55, 0.23 and 
0.17 % respectively. However, they did not 
analyze heavy metal contents.  According to 
Juliano et al. (2019), 100g of brown rice contain 
moisture (14%), energy (358 kCal), crude protein 
(7.4 g), total lipid (3.1 g), ash (1.2 g), carbohydrate 
(73.5 g), dietary fibre (3.5 g) and sugar (0.6 g). 
They compared the chemical composition of 
brown rice with some grains (barley grains, corn 
white, oat grain, rye grain, sorghum grain, triticale 
grain and wheat flour). The results indicated that 
rice is richest in energy (apart from oat grain), 
lowest in protein, third in total lipid, lowest in ash 
content, richest in carbohydrate and least in fibre 
and sugar (apart from wheat flour). Raw, long-
grain white rice is a relatively good source of 
energy, carbohydrates, calcium, iron, thiamine, 
pantothenic acid, folate and vitamin E, compared 
to maize, wheat and potatoes. It contains no 
vitamin C, vitamin A, beta-carotene, or 
lutein+zeazanthin, and is notably low in fiber 
(Chaudhari et al., 2018). Due to their rich and 
selective nutrient contents, ease of availability and 
relatively low cost, rice is the prefer choice of 
food for several rich and poor populace. Rice is 
mostly consumed in Asia, Latin America, the 
Caribbean and Africa (Muthayya et al, 2014). 
However, Asia is the largest producer and 
consumer of rice with about 90% global rice 
production and consumption (Muthayya et al., 
2014). 
In spite of its useful nutrient contents of rice, one 
of the greatest environmental problems that can 
confront the nutritional benefits of rice is the 
presence of heavy metals (Ali et al., 2019). Rice 
acquired heavy metals ions through absorption 
from the soil (Zeng et al., 2015). Heavy metals are 
those elements whose density is greater than 5 
g/cm3 (Ivica, 2015).  The worst recorded incident 
of heavy metal pollution (i.e itai itai) which 
occurred in Japan due to cadmium poisoning was 
heavily associated with rice farm due to irrigation 
of the farm with water from the Cd-polluted Jinzu 
River basin of Toyama (Aoshima, 2016). Mao et 
al. (2019) had reported the accumulation of heavy 
metal in rice. Their results indicated that heavy 
metal levels in soil decreased with increasing soil 
pH, while rice shoots accumulated heavy metals 
more readily under low soil pH conditions. The 
non-carcinogenic hazard quotients (HQ) of heavy 
metals show that health risks for humans were 
primarily due to Pb and As and that ~76% and 
~15.7% of cancer risk was caused by Cd and As 
levels, respectively. Chen et al. (2018) 
investigated cadmium content of rice in China and 
reported that 88% of rice grain samples, exceeded 
the Chinese maximum permissible limit for Cd 
(0.1 mg fresh weight kg−1 for rice) and expressed 
fear of possible health risk that can results from 
this contamination. Chi et al. (2018) also reported 
that rice can easily absorbed cadmium and arsenic 
from the soil. They found that the rate of uptake 
of this heavy metal depends on seasons and vary 
with different soil. Liu et al. (2013) has also 
reported the dependence of lead absorption by rice 
on genotype. World leading producers of rice 
(oryza sativa) are China, India, Indonesia, 
Bangladesh, Vietnam, Thailand, Myanmar, 
Philippines, Brazil and Japan (FAOSTAT, 2018) 
United States, Pakistan, Korea and Egypt, with 
China and India alone accounting for 50 percent  
of global rice production while the entire Asian 
countries account for 90 % of global rice 
production and supply (Muthayya, 2014) Rice is 
imported into Nigeria from Thailand, India, 
China, Indonesia, Pakistan, United States of 
America, Vietnam and Brazil. Rice and other food 
crop grown in some regions of these countries 
have been implicated with heavy metal 
contamination, as well as, the soil and water on 
which rice is grown and water used in growing the 
rice respectively (Satpathy et al, 2014; Zarcinas et 
al, 2004; Simmons et al., 2003; Simmons et al., 
2005; Shabbir et al., 2013, Nawaz et al., 2003 and 
(Zeng et al., 2015).  
Due to the documented facts on the tendency of 
rice plant to accumulate heavy metals and the fact 
that most of the imported rice in Nigeria comes 
from some of those countries that have reported 
the presence of heavy metals in their rice, the need 
to investigate the heavy metal (Cd, Cr, As, Ni, Hg, 
Pb and Cu) contents of imported rice can yield 
results that can form a baseline information on 
importation control. Therefore, this study is aimed 
at analyzing some samples of foreign rice in the 
Nigerian market.  
2. Materials and methods 
2.1 Sample collection 
Eight (8) rice brands imported into Nigeria were 
purchased from Wuse and Karimu markets 
located in the Federal Capital Territory (FCT), 
Abuja, Nigeria. The samples were purchased 
between August 2019 to September 2019, stored 
in properly labelled polyethene bags and taken 
immediately to the laboratory. They were sieved 
through a ThermoFisher scientific sieve of 100 
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mesh to remove impurities and stored again in 
well labelled polyethene bags. 
2.2 Sample preparation and analysis 
2 g of the sample was weighed into a beaker and 
twelve milliliters (12 ml) mixture of  HNOଷ/HCl 
(aqua regia) in a ratio of  1:3 (prepared from 
ultrapure 𝐻𝑁𝑂ଷ and HCl from Merck, Darmstadt, 
Germany) was added to each sample and heated 
on a hot plate inside a fume cupboard. The 
temperature was increased gradually, starting 
from 100 0C and increasing up to 200-300 0C. The 
digestion was completed with the appearance of 
white fumes. The mixture (after cooling) was 
filtered into a 50 ml standard volumetric flask and 
made to mark with deionized water. The digest 
was used for heavy metal determination using 
both atomic absorption spectrophotometer (AAS) 
and inductively coupled plasma - optical emission 
spectrometry (ICP-OES). Cd, Cr, Cu, Ni and Pb 
were analysed using Buck 210VGP atomic 
absorption spectrophotometer (Buck Scientific, 
Inc. East Norwalk, U.S.A) with detection limits of 
0.01, 0.04, 0.005, 0.10, 0.04 𝑚𝑔𝑘𝑔ିଵ     for Cd, Cr, 
Cu, Ni and Pb respectively. The wavelengths of 
maximum absorption for the metals were 228.9, 
357.9, 324.8, 232 and 217 nm respectively. Buck 
Puro – graphicTM stock standard solution 
(1000ppm) of Cd, Cr, Cu, Ni and Pb were used for 
preparation of calibration curve of the respective 
metal ion. Certified reference material (GBW (E) 
080684 for rice flour) of the National Research 
Center for Certified reference materials, China 
(NRCCRM) was used to verify the accuracy of the 
analytical result. The percentage recoveries 
ranged from 91 to 117%.  Mercury and arsenic 
were analysed using Agilent 720 ICP-OES 
(Agilent Technology, Inc, USA) with megapixel 
CCD detector which provides simultaneous 
measurement while the Agilent SPS3 autosampler 
was used for sample introduction. Agilent Expert 
II Software was used to control the instrument and 
acquire data. Calibration and Quality Control 
(QC) solutions were prepared from AccuStandard 
QCSTD-27 multi-element solution. Ultrapure 
Merck Lichrosolv water was used for dilution of 
standards and QC solutions.  These were also 
stabilized in high purity 2% v/v concentrated 
nitric acid (𝐻𝑁𝑂ଷ). The analysis was performed 
in triplicate n equals 3 and results presented as 
mean ± standard deviation. 
2.3. Human health risk assessment 
2.3.1 Estimation of average daily dose (ADD) 
exposure to heavy metals in rice 
The average daily dose (ADD, 𝑘𝑔ିଵ 𝑑𝑎𝑦ିଵ ) is 
the amount of chemical at the exchange boundary 
𝑚𝑔  𝑘𝑔ିଵ 𝑑𝑎𝑦ିଵ (USEPA, 2005), it is used to 
evaluate the oral exposure dosage to deleterious 
chemical compounds by a receptor. The average 
daily dose (ADD) of heavy metals in this study 
were estimated using USEPA equation for 
estimating ADD, which is as follows; (USEPA, 
2005; USEPA, 2014; Gerba, 2019) 
ADD =  ஼.  ூோ.  ாி.  ா஽
஻ௐ.   ஺்
    (1) 
Where C = average concentration over the period 
(𝑚𝑔  𝑘𝑔ିଵ  for food or soil,𝑚𝑔  𝐿ିଵ 𝑓𝑜𝑟 𝑤𝑎𝑡𝑒𝑟 , 
𝑚𝑔  𝑚ଷ 𝑑𝑎𝑦ିଵ  for air), IR = Ingestion rate, the 
amount of contaminated medium ingested or 
contacted per unit time ( 𝑘𝑔  𝑑𝑎𝑦ିଵ , 𝑙 𝑑𝑎𝑦ିଵ or 
𝑚ଷ 𝑑𝑎𝑦ିଵ), EF= Exposure frequency (days/ 
year), according to USEPA 365 days/year, ED = 
Exposure duration (years), 30 years (standard 
exposure duration for adult exposed to a non-
carcinogenic, and 70 years for carcinogenic 
(USEPA, 2005; Gerba, 2019).  According to 
World Bank the life expectancy of an adult 
Nigerian is 54 years (World Bank, 2018), AT is 
the average time – the period over which exposure 
is averaged (days); for carcinogens the average 
time is 25,550 days (365 days/year x 70 years) 
based on a lifetime exposure of 70 years; for non-
carcinogens, averaging time equals ED years 
multiplied by 365 days per year and BW is the 
average body mass over the exposure period (Kg).  
In Nigeria the average body mass of an adult as 
determined by Onyedum et al, (2020) is 61 Kg, 
which is in close correlation with that (60. 94 Kg) 
determined by Ogunlade et al, (2015), while that 
by Innocent et al, (2016) is 68.68 Kg. In this study 
the average 63 Kg was used. AT the average time 
(19710 days) was obtained by multiplying the life 
expectancy of an adult Nigerian 54 years by 365 
days/year. Based on World Health Organisation 
(WHO) Global Environmental Monitoring 
System (GEMS)/Food consumption cluster diets, 
Nigeria belongs to the cluster 13 (G13) nations. 
According to the estimated daily consumption 
contained in the WHO/GEMS database (2012), 
Nigeria consumes an average of 330.5 g/day 
(0.3305 Kg/day) of cereal grains and flours.  
2.3.2 Non – carcinogenic risk 
The human non – carcinogenic risk assessment for 
Nigerians who consume the rice under study was 
calculated using the equation; (USEPA, 2005; 
USEPA, 2014; Gerba, 2019) 
𝐻𝑄 = ஺஽஽
ோி஽
     (2) 
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HQ the hazard quotient characterizes the health 
risk of non – carcinogenic adverse effects due to 
exposure to a single toxicant.  RFD is the 
reference dose is the estimated maximum 
permissible dose through daily exposure to human 
population (including sensitive subgroups) that is 
likely to be without an appreciable risk of 
deleterious (non-cancer) effects during lifetime. If 
HQ < 1, adverse health effects would unlikely not 
occur, potential non – carcinogenic effects would 
occur when HQ ≥ 1 (USEPA, 2005; USEPA, 
2014; Gerba, 2019). The hazard index (HI) which 
evaluates the potential risk of adverse health 
effects from a mixture of chemical elements 
(multiple substances) was calculated for the rice 
samples using the equation: (USEPA, 2005; 
USEPA, 2014; Gerba, 2019). 
𝐻𝐼 =  ∑ 𝐻𝑄     (3) 
HI is the sum of HQ (assuming additive effects). 
If HI < 1, chronic risks are assumed to unlikely 
happen, while non-cancer risks are likely to occur 
if HQ ≥ 1. 
2.3.3 Carcinogenic Risk 
Cancer risk (CR) is the incremental probability for 
developing cancer for individuals exposed to a 
given chemical over a lifetime (USEPA, 2014). It 
can be calculated using equation 4 
𝐶𝑅 = 𝐴𝐷𝐼 × 𝑆𝐹    (4) 
where SF is cancer slope factor (mg/kg day-1) for 
a substance. A cancer risk of 10ିସ to 10ି଺ are 
considered acceptable US EPA (2014). Cancer 
risk of 10ିସ and 10ି଺ indicates a probability of 1 
in 10,000 individuals and 1 in 1,000000 
individuals developing cancer during a lifetime.  
3.0  Results and Discussion 
The result of the heavy metal concentration 
(mg/kg) of some rice brands imported into Nigeria 
is presented in Table 1. The concentration (mg/kg) 
of cadmium, chromium, arsenic, nickel, mercury, 
copper and lead range as follows: Cd ion 
concentration ranged from 0.0014 ± 0.00005 to 
0.4322 ± 0.00005 mg.kg (with highest and lowest 
concentrations in mama gold (Thailand) and 
diamond (India) rice respectively). Chromium 
concentrations ranged from 0.0010 ± 0.00005 to 
0. 1080 ± 0.00005 mg/kg (lowest concentration 
was recorded for tomato (Thailand) rice while 
highest concentration was recorded for diamond 
(India) rice). Highest and lowest concentrations of 
arsenic were found in Crown (Indian) brand of 
rice while highest was in Diamond rice, which is 
also an Indian rice. The range for the measured 
concentrations of arsenic was As 0.0006 ± 0. 0001 
to 0.1711 ± 0.0008 mg/kg.  Nickel concentrations 
ranged from 0.0007 ± 0.00001 to 0.8865 ± 
0.00005 mg/kg (lowest concentration was 
measured for crown (India) rice while the highest 
concentration was found in Diamond (India) rice). 
Mercury concentration was lowest in Basmatic 
rice (0.0024 ± 0.0001 mg/kg) while highest 
concentration (0.0935 ± 0.001 mg/kg) was found 
in the Thailand Tomato branded rice.  Mean 
concentration of copper in the rice samples ranged 
from 0.0052 ± 0.00001 to 0.3208 ± 0.00005 
mg/kg with highest and lowest concentrations 
measured for Diamond (Indian rice) and Mama 
gold (Thailand rice). Mean concentrations of lead 
ions ranged from 0.0047 ± 0.00001 to 0.3974 ± 
0.00001 mg/kg (with lowest concentration in 
Prince (India) rice and highest in Tomato 
(Thailand) rice). From Table 3, most of the 
imported rice brands have mean concentration of 
Cd, Cr, As, Ni, Hg, Cu, and Pb below their 
maximum permissible limit (MPL). Only one (11 
%) has mean concentration above the maximum 
permissible limit for cadmium in polished rice, 
while, the remaining eight (89 %) rice brands have 
mean concentration below the maximum 
permissible limit for cadmium. Similarly, one 
(11%) of the rice brands has mean concentration 
above the maximum permissible limit for 
chromium in cereal grains, whereas the remaining 
eight (89 %) rice brands have mean concentration 
below the maximum permissible limit for 
chromium. The mean concentration of arsenic and 
copper in all (100%) of the rice brands are below 
the maximum permissible limit for arsenic and 
copper in paddy, brown and polished rice.  
Six (representing 67 %) and two (22%) of the rice 
brands have mean concentrations of mercury and 
lead respectively below the maximum permissible 
limit for mercury and lead in white rice and cereal 
grains respectively, while, three (33 %) and 7 (78 
%) of the rice brands have mean concentration of 
mercury and lead respectively above the 
maximum permissible limit for mercury and lead. 
The concentration (mg/kg) of cadmium in the 
different brands of rice imported into Nigeria is 
below the maximum permissible (MPL) of 
FAO/WHO (2017) for cadmium (0.4 mg/kg) in 
polished rice, except cadmium concentration in  
Diamond rice (0.4322 ± 0.00005 mg/kg. Although  
the observed concentrations of cadmium in the 
other rice samples are within the safety range, 
most rice contaminated by cadmium are product 
of cadmium contaminated irrigation water and 
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application of cadmium rich fertilizers or waste 
(Satpathy et al, 2014 ; Zarcinas et al, 2004; 
Simmons et al, 2003 and Nawaz et al, 2003). 
According to Nawaz et al (2003).
 
Table 1:  Heavy metal concentrations (mg kg-1) of some rice brands imported into Nigeria and 
their maximum permissible limit (MPL) in polished rice by regulatory agencies.  
Rice brand and MPL    Cd     Cr   As    Ni    Hg    Cu     Pb 
 
Mama Gold 
(Thailand) 
 
0.0014 ± 
0.00005 
 
0.0698 ± 
0.00005 
 
0.0707 ± 
0. 0008 
 
0.1165 ± 
0.00005 
 
0.0340 ± 
0.00111 
 
0.0052 ± 
0.00001 
 
0.3553 ± 
0.00001 
 
Tomatoes 
(Thailand) 
 
0.0015 
±0.00005  
 
0.0010 ± 
0.00005 
 
0.1704 ± 
0.00007 
 
0.0043 ± 
0.00005 
 
0.0935 ± 
0.001 
 
0.0371 ± 
0.0001 
 
0.3974 ± 
0.00001 
 
Smile 
(Thailand) 
 
0.0273 ± 
0.0005 
 
0.0211 ± 
0.00003 
 
0.0418 ± 
0.0005 
 
0.0794 ± 
0.00577 
 
0.0104 ± 
0.00013 
 
0.0343 ± 
0.0002 
 
0.3081 ± 
0.0001 
 
Mr 
(Pakistan) 
 
0.0023 ± 
0.00005 
 
0.0032 ± 
0.00002 
 
0.0006 ± 
0.0001 
 
0.0025 ± 
0. 00004 
 
0.0095 ± 
0.00005 
 
0.2146 ± 
0.00005 
 
0.2090 ± 
0.00004 
 
Basmati 
 (India) 
 
0.0103 ± 
0.0003 
 
0.0625 ± 
0.0002 
 
0.0195 ± 
0.00004 
 
0.1140 ± 
0.00005 
 
0.0024 ± 
0.0001 
 
0.1646 ± 
0.0001 
 
0.3811 ± 
0.00005 
 
Crown 
(India) 
 
0.1004 ± 
0.00005 
 
0.0321 ± 
0.00005 
 
0.0118 ± 
0.00141 
 
0.0007 ± 
0.00001 
 
0.0082 ± 
0. 0003 
 
0.2481 ± 
0.00005 
 
0.0085 ± 
0.00005 
 
Diamond 
(India) 
 
0.4322 ± 
0.00005 
 
0.1080 ± 
0.00005 
 
0.1711 ± 
0.0008 
 
0.8865 ± 
0.00005 
 
0.0711 ± 
0.00006 
 
0.3208 ± 
0.00005 
 
0.2766 ± 
0.00005 
 
Prince 
(India) 
 
0.0031 ± 
0.01721 
 
0.0028 ± 
0.00005 
 
0.0402 ± 
0.00005 
 
0.0199 ± 
0.00001 
 
0.0101 ± 
0.0003 
 
0.2074 ± 
0.00005 
 
0.0047 ± 
0.00001 
MPL 
(aFAO/WHO,bCAC)) 
 
MPL  
(cNFSS) 
                    
 
0.4 
 
 
 
0.2    
 
   _ 
      
 
 
    0.1    
 
  0.2              
 
 
 
  0.2      
 
    __ 
 
 
 
     __ 
 
     _ 
 
 
 
      0.02 
 
      _ 
 
 
   
     10  
 
  0.2 
 
 
   
 _ 
Pakistan is located in arid and semi-arid zones and 
does not have sufficient water to meet the water 
requirement of crops including rice. 
Consequently, irrigation water may contain heavy 
metals since options are limited. According to 
Aoshima (2016), the most popular sources of 
heavy metals in rice is irrigation water, some of 
which may originate from mining activities. The 
process of foliar absorption transfers heavy metal 
from the soil to the plant including rice and by 
their characteristics, heavy metals have the 
tendency to bioaccumulate but the danger is 
through the food chain when it is transported to 
other organism including man. Consumption of 
rice with high cadmium content can cause adverse 
health effect; chronic cadmium poisoning was 
experienced by consumers who consumed food in 
the 1950s from cadmium polluted areas in Japan 
where cadmium levels in unpolished rice from the 
contaminated regions were ≥ 0.3 mg (Fowler et 
al, 2015). The consumers came down with itai – 
itai disease, exhibiting symptoms of disturbed 
calcium metabolism, osteoporosis, and 
osteomalacia. Cadmium has the potential to 
displace divalent metal ions from the body and the 
target organs for cadmium in the human body are 
the kidney, the skeletal and the respiratory system, 
and is classified as a human carcinogen (WHO, 
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2010, Fowler et al, 2015). The maximum 
permissible limit of chromium in rice is 0.1 mg/kg 
(NFSS, 2012); apart from diamond rice with 
chromium concentration (0.1080 ± 0.00005) 
mg/kg slightly above the MPL for Cr in cereal 
grains, the other rice brands have MPL for Cr 
below 0.1 mg/kg. Therefore, the rice is not 
contaminated with chromium ion. Chromium as 
pure metal has no adverse effect. Little toxic effect 
is attributed to trivalent chromium when present 
in very large quantities; trivalent chromium is an 
essential trace element in humans and in animals. 
Both acute and chronic toxicity of chromium are 
mainly caused by hexavalent compounds. The 
most important toxic effects after ingestion of 
hexavalent chromium compounds are bronchial 
carcinomas, gastro enteritis and hepatocellular 
deficiency (Deng et al., 2019). Cchromium (VI) is 
classified as a human carcinogen by the 
International Agency for Research on Cancer 
(IARC, 1987). Mean concentrations of arsenic in 
the various rice brands are less than FAO/WHO 
(2017) and NFSS (2012) MPL for arsenic in 
polished rice. Hence, the rice is not contaminated 
by arsenic. Arsenic is associated with 
integumentary, nervous, respiratory, cardiovas- 
cular, hematopoietic, immune, endocrine, hepatic, 
renal, reproductive system and development 
health issues as well as genetic mutations. Arsenic 
and arsenic compounds is classified as a human 
carcinogen by the International Agency for 
Research on Cancer (IARC, 1990).   There is no 
permissible limit for Ni in polished rice or other 
forms of rice (paddy and brown rice), therefore 
nickel concentration in the imported rice brands 
could not be compared with MPL for nickel in 
polished rice, however, the MPL for Ni in 
hydrogenated vegetable oils and hydrogenated 
vegetable based products is 1.0 mg /kg. This value 
is higher than the concentration of Ni in all the rice 
brands. Therefore, nickel does not constitute 
health risk to consumers of these rice brands.  
Humans may experience acute toxicity of nickel 
when taken orally in large doses (Daldrup et al, 
1983; Sunderman et al, 1988). Signs and 
symptoms of nickel includes lung fibrosis, 
cardiovascular and kidney diseases and cancer of 
the respiratory tract (Oller et al, 1997, Mcgregor 
et al, 2000, Seilkop and Oller, 2003). Mean 
concentrations of mercury in smile, Mr, basmati, 
crown, and prince rice are less than 0.02 mg/kg 
MPL of mercury in polished rice as set by the 
National Food Safety Standard of the People’s 
Republic of China (2012). However, mean 
concentrations of mercury in mama gold (0.0340 
mg/kg), tomatoes (0.0935 mg/kg) and Diamond 
(0.0711 mg/kg) rice are greater than MPL for 
mercury. The mean concentration of Hg in brown 
rice cultivated in Hunan province of China were 
0.043 mg/kg and 0.047 mg/kg, these were in 
excess of 0.02 mg/kg of the Chinese standard, and 
was attributed to the presence of the mining  and 
processing of Pb – Zn ores in Hunan Province 
which contain mercury, the use of explosive in  
mining processes which releases Hg, Cd and other 
heavy metals that eventually spread to nearby 
fields, background soil concentration as well as 
soil physicochemical reactions (Zeng et al, 2015). 
Mercury has profound cellular, cardiovascular, 
haematological, pulmonary, renal, Immunol- 
ogical, neurological, endocrine, reproductive, and 
embryonic toxicological effects (Rice et al, 2014). 
Due to the adverse health effect of mercury, the 
rice brands with mercury concentrations higher 
than MPL for mercury are not recommended for 
consumption. Copper is essential for good health, 
however, exposure to higher doses can be 
harmful. High intakes of copper can cause liver 
and kidney damage and even death (ATSDR, 
2004). The concentrations of copper in all the 
imported rice brands are below the MPL for Cu 
(National Food Safety Standard of the People’s 
Republic of China, 2012). Hence, the rice is not 
contaminated by copper. However, lead 
concentrations in crown and prince rice samples, 
(Table 1) are greater than FAO/WHO (2017) MPL 
for lead (0.2 mg/kg) in cereal grains. Exposure to 
lead ion above tolerance limit can lead to coma, 
convulsions and even death because lead attacks 
the brain and central nervous system. It also 
causes renal impairment, immunotoxicity and 
toxicity to the reproductive organs, hypertension, 
and anaemia (WHO, 2019). 
Mean ± standard deviation. aFood and 
Agricultural Organization/World Health 
Organization, bCodex Alimentarius Commission, 
National Food Safety Standard of the People’s 
Republic of China. 
The average daily dose (mg/kg) exposure to Cd, 
Cr, As, Ni, Hg, Cu and Pb is presented in Table 2, 
the highest ingestion per day of each of the heavy 
metals from the imported rice is as follows: Cd (2 
x 10ିଷ mg/kg ) from consumption of diamond 
(India ) rice, Cr (6 x 10ିସ mg/kg) from 
consumption of diamond (India ) rice, As (1 x 
10ିଷ mg/kg) from consumption of tomatoes 
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(Thailand ) rice, Ni (5 x 10ିଷ) from consumption 
of diamond (India) rice, Hg (5 x 10ିସ mg/kg) 
from consumption of tomatoes (Thailand ) rice, 
Cu (1 x 10ିଷ mg/kg) from consumption of Mr 
(Pakistan ), crown (India), diamond and Prince 
rice (both India rice), Pb (2 x 10ିଷ mg/kg ) from 
consumption of  mama gold (Thailand ), tomatoes 
(Thailand ) and smile (Thailand) rice. 
The acceptable daily intake (ADI) is the 
maximum amount of a chemical that can be 
ingested daily over a lifetime with no appreciable 
health risk, and is based on the highest intake  
that does not give rise to observable adverse 
effects. The Joint FAO/WHO Expert Committee 
On Food Additives (JECFA, 2000 and JECFA 
2010) put the oral daily intake of cadmium and 
arsenic through food, for adults as 10-35 µg/kg 
(0.01 mg/kg – 0.035 mg/kg ) and 3.0 g/kg  (0.03 
mg/kg) respectively. The average daily dose 
(mg/kg )  (Table 2) of cadmium range from 7 x 
10ି଺ (0.000007 mg/kg) to 2 x 10ିଷ  (0.002 
mg/kg) while that of arsenic range from 3 x 10ି଺ 
(0.000003 mg/kg ) to  1 x 10ିଷ  (0.001 mg/kg ). 
These values are below and within the standard 
values set by JECFA. Currently there is no 
standard value for oral daily intake of chromium 
through food by WHO or FAO, however, the UK 
Committee on Medical Aspects of Food Policy 
calculated a theoretical safe and adequate level of 
intake requirement of chromium which lies above 
25 g/kg bw/day (0.025 mg/kg bw/day) for adults 
and between 0.1 g/kg bw/day and 1.0 g/kg bw/ 
day for children and adolescents, respectively 
(COMA, 1991).  
Table 2: Average daily doses (mg kg-1) exposure to heavy metals in some rice brand imported into 
Nigeria. 
Brand Pb Cd Cr As Ni Hg Cu 
Mama gold 
(Thailand)            
7 x 10ି଺  4 x 10ିସ          4 x 10ିସ 6 x 10ିସ 2 x 10ିସ 3 x 10ିହ 2 x 10ିଷ 
Tomatoes      
(Thailand 
8 x 10ି଺ 5 x 10ି଺ 1 x 10ିଷ 2 x 10ିହ       5 x 10ିସ 2 x 10ିସ 2 x 10ିଷ 
Smile 
(Thailand) 
1 x 10ିସ 1 x 10ିସ         2 x 10ିସ 4 x 10ିସ 5 x 10ିହ 2 x 10ିସ 2 x 10ିଷ 
Mr 
(Pakistan 
1 x 10ିହ 2 x 10ିହ 3 x 10ି଺ 1 x 10ିହ       5 x 10ିହ 1 x 10ିଷ 1 x 10ିଷ 
Basmati 
(India) 
5 x 10ିହ 3 x 10ିସ 1 x 10ିସ 6 x 10ିସ 1 x 10ିହ 8 x 10ିସ 1 x 10ିଷ 
Crown  
(India 
5 x 10ିସ 2 x 10ିସ 6 x 10ିହ 4 x 10ି଺ 4 x 10ିହ 1 x 10ିଷ 4 x 10ିହ 
Diamond 
(India)    
2 x 10ିଷ 6 x 10ିସ 8 x 10ିସ 5 x 10ିଷ 4 x 10ିସ 1 x 10ିଷ 1 x 10ିଷ 
Prince 
(India) 
2 x 10ିହ 1 x 10ିହ 2 x 10ିସ          1 x 10ିସ 5 x 10ିହ 1 x 10ିଷ 2 x 10ିହ 
The average daily doses of Cr in the imported rice 
brands range from 5 x 10ି଺ (0.000005) mg/kg to 
6 x 10ିସ(0.0006) mg/kg, which are below the 
standard value for adults highlighted.  
Oral daily intake through food for adult for Hg, 
Ni, Cu and Pb are; PTWI 4 g/kg equivalent to 
0.57 g/kg per day i.e 0.00057 mg/kg per day Hg 
(FAO/WHO , 2011)  and  0.0016 mg/kg bw Hg 
for (ENHIS, 2007), Ni ˂ 300 g/kg, i.e.˂ 0.3 
mg/kg (WHO, 2000), Cu 0.5 mg/kg bw per day 
(FAO/WHO, 1982) and Pb  0.025 mg/kg bw 
(ENHIS, 2007). The average daily doses of Hg, 
Ni, Cu and Pb as presented in Table 2 are lower 
than their standard values. This suggests that these 
heavy metals in the imported rice brands may be 
ingested over a lifetime with no appreciable health 
risk.  
Table 3 shows the hazard quotient (HQ) and 
hazard index for Cd, Cr, As, Ni, Hg, Cu and Pb 
for consumers exposed to these heavy metals 
through consumption of the imported rice brands, 
The hazard quotient for arsenic, mercury and lead 
for mama gold rice; arsenic, mercury and lead for 
tomatoes rice; lead for smile rice, lead for basmati 
rice, cadmium, arsenic and mercury for diamond 
rice exceeded one. On the other hand, the hazard 
quotient for Cd, Cr, As, Ni, Hg, Cu, Pb, for Mr, 
crown and prince are less than one. The hazard 
index (HI) for Cd, Cr, As, Ni, Hg, Cu, and Pb of 
each rice brand is: mama gold rice (4.33), 
tomatoes rice (9.31), smile rice (2.5), Mr rice 
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(1.14), Basmati rice (2.0), crown (1.2), diamond 
rice (10) and prince rice (1.3). These hazard 
indices are greater than one. 
The hazard quotient for both As, Hg and Pb of 
mama gold and tomatoes rice as well as Pb of  
basmati rice, and  Cd, As and Hg of diamond rice 
exceeded one. This implies likelihood of potential 
non carcinogenic risks to consumers of these rice 
brands. However, the hazard quotients for Cd ,  
Cr, As, Ni, Hg, Cu, Pb, for the following imported 
rice brands; Mr, crown and prince are less than 
one, indicating that  non carcinogenic adverse 
health  effects may not occur  through the 
consumption  of these rice brands.  The hazard 
index (HI) for Cd, Cr, As, Ni, Hg, Cu, and Pb of 
each rice brand is greater than one indicating that 
exposure to the heavy metals simultaneously pose 
high potential for non-carcinogenic risk. 
 
Table 3:Hazard quotient (HQ) and hazard index (HI) from individual heavy metal exposure to 
rice brands imported into Nigeria. 
Rice brands                                                              HQ                                                                            
                             Cd                 Cr                 As                   Ni        Hg               Cu        Pb           HI 
Mama gold       7 x 10ିଷ        0.12               1.23           3 x 10ିଶ     1.7       6 x 10ିସ      1.25        4.33 
(Thailand)                  
Tomatoes          8 x 10ିଷ        2 x 10ିଷ        3.00            1 x 10ିଷ     5.0      5 x 10ିଷ      1.4           9.31 
(Thailand)                                 
Smile                   0.14             4 x 10ିଶ        0.7              2 x 10ିଶ   0.5      4 x 10ିଷ      1.11         2.5 
(Thailand)                                
Mr                       1 x 10ିଶ       5 x 10ିଷ      1 x 10ିଶ      7 x 10ିସ    0.5      3 x 10ିଶ      0.60        1.14 
(Pakistan)                               
Basmati              5 x 10ିଶ        0.11              0.33            3 x 10ିଶ     0.1      2 x 10ିଶ      1.3           2.0 
(India)                      
Crown                 0.5              5 x 10ିଶ       0.2               2 x 10ିସ     0.4       3 x 10ିଶ      3 x 10ିଶ  1.2             
(Thailand)                                
Diamond             2.2                 0.2               2.7                0.2           3.7       4 x 10ିଶ       0.9           10       
(Thailand)                               
Prince                 1 x 10ିଶ        3 x 10ିଷ      0.6               5 x 10ିଷ   0.5      3 x 10ିଶ      0.13          1.3 
(Thailand) 
Table 4 shows the carcinogenic risk for Cd, Cr, As 
and Ni; these four heavy metals were used to  
calculate cancer risk because they are 
carcinogenic whereas Hg, Pb, and Cu are non-
carcinogenic. The cancer risk for these heavy 
metals in each imported rice brand range from 3 x 
10ି଺ (Cd) to 1 x 10ିଷ (As and Ni) for mama gold 
rice; 2 x 10ି଺ (Cd) to 1 x 10ିଷ (As) for tomatoes  
rice; 4 x 10ି଺ (Cd)  to 3 x 10ିଷ (As)  for smile 
rice; 4 x 10ି଺ (Cd) to 2 x 10ିହ (Ni) for Mr rice; 
2 x 10ିହ (Cd) to 2 x 10ିଷ (As) for basmati rice; 
3 x 10ି଺ (Ni) to  2 x 10ିସ (Cd) for crown rice and  
3 x 10ିସ (As) to  5 x 10ିଷ (Ni)  for prince rice. 
The cancer risk for all the heavy metals in all the 
imported rice brands exceeds US EPA regulatory 
value of 1 x 10ି଺ to 1 x10ିସ. The cancer risk for 
Cd, Cr, As and Ni for all the imported rice brands 
exceeds USE PA, 2014 regulatory value of 1 x 
10ି଺ to 1 x10ିସ. This implies that there is 
probability of cancer risk with intake of these 
heavy metals in the imported rice brands, over an 
adult Nigerian’s lifetime. Ingestion of high dose 
level of heavy metals over a short term or low-
level concentrations of heavy metals over 
prolonged period may cause health issues. Some 
heavy metals are easily assimilated and they 
bioaccumulate; they build up over time either 
because they are taken up faster than they can be 
used or they cannot be broken for use by the 
organism. Cadmium is a cumulative toxin which 
has no useful function in human body (ATSDR, 
2008). Once ingested passes through the 
gastrointestinal tract unchanged and about 6 % of 
the ingested Cd is absorbed by healthy persons  
while about 9 % may be absorbed in those with 
iron deficiency (ATSDR, 1999). 
The rate of excretion (through urine, the main 
source of excretion) is low due to the strong bond 
that may be formed between cadmium and 
metallothionein (MTN), which is almost 
completely reabsorbed in the renal tubules. Due to 
slow excretion, cadmium can accumulate in the 
body over a lifetime with a biological half-life of 
about 38 years (ATSDR, 2008).
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Table 4: Incremental lifetime cancer risk (ILCR) for consumers of rice imported into Nigeria. 
Rice brands                                             Incremental lifetime cancer risk                                     
                                        Cd                             Cr                             As                  Ni                                                                                     
Mama gold                   3 x 10ି଺                   2 x 10ିସ                  1 x 10ିଷ              1 x 10ିଷ           
(Thailand)                  
Tomatoes                      2 x 10ି଺                  3 x 10ି଺                  1 x 10ିଷ              2 x 10ିହ                    
(Thailand) 
Smile                              4 x 10ି଺                  6 x 10ିହ                  3 x 10ିଷ              3 x 10ିସ                    
(Thailand)                                
Mr                                  4 x 10ି଺                   8 x 10ି଺                  5 x 10ି଺              2 x 10ିହ                   
(Pakistan)                               
Basmati                         2 x 10ିହ                   2 x 10ିସ                  2 x 10ିଷ              6 x 10ିସ                   
(India)                      
Crown                            2 x 10ିସ                   8 x 10ିହ                  9 x 10ିହ             3 x 10ି଺                   
(Thailand)                                
Diamond                        8 x 10ିସ                  1 x 10ିଷ                  3 x 10ିସ              5 x 10ିଷ                   
(Thailand)                               
Prince                            6 x 10ି଺                  7 x 10ି଺                   3 x 10ିସ               9 x 10ିହ                  
(Thailand)        
**Notes:a United States Environmental Protection Agency, bNew York State Department of 
Health, United States,c Environmental Protection Division of the Georgia Department of Natural 
Resources, United States,  dAgency for Toxic Substances and Disease Register, U.S. Department 
of Health and Human Services, eRisk Assessment Information System, U.S. Department of 
Energy.  
Most of the chromium leaves the body in the urine 
within a week, although some may remain in the 
cells for several years or longer (ATSDR, 2012). 
70% of the arsenic is excreted mainly in urine, for 
soluble trivalent arsenic compounds 
approximately 95% of the ingested dose is 
absorbed from the gastrointestinal tract (Rossman, 
2007). Absorbed arsenic is widely distributed by 
the blood throughout the body after absorption 
through the lungs or gastrointestinal tract 
(ATSDR, 2007). Most of the arsenic remain in 
hair, nails, skin and to a lesser extent in the bones 
and teeth after two to four weeks exposure when 
the other tissues of the body would have cleared 
the arsenic in them (Yip and Dart, 2001). When 
nickel is ingested greater proportion of it is 
quickly eliminated in faeces, while the remaining 
amount that finds its way into the blood leaves in 
the urine (ATSDR, 2005). 1 to 10 % of dietary 
nickel is absorbed by humans and animals (EPA, 
1986). Nickel is not destroyed in the body, but its 
chemical form may be altered. The metabolism of 
nickel is most appropriately associated with its 
binding ability to form ligands and its transport 
throughout the body (Das et al., 2008). The 
toxicity of nickel-containing substances is 
considered to be related to the bioavailability of 
the metal ion (Ni2+) at systemic or local target sites 
(Goodman et al., 2011).  
4.0  Conclusion 
Concentrations of most of the studied heavy 
metals are below their MPL. Mr (Pakistan) rice 
has Pb concentration at the same level as its MPL 
while concentrations of other heavy metals are 
below their MPL. Smile (Thailand) and basmati 
(India) rice both have Pb concentrations higher 
than its MPL while the concentrations of the other 
heavy metals are lower than their MPL. Mama 
gold and tomatoes rice both imported from 
Thailand have mercury and Pb in concentrations 
higher than their MPL whereas, the 
concentrations of the other heavy metals are lower 
than their MPL. The mean concentrations of all 
the heavy metals assessed are below their 
maximum permissible limit for polished, brown, 
paddy rice and cereal grains for both crown and 
prince rice, whereas they are above for diamond. 
From the results and findings of this study, there 
is need for routine analysis of samples from each 
batch of rice that are imported into Nigeria.  
5.0 References 
Abdul-Hamid, A., Sulaiman, R. R. R. & Saari, O. 
N. (2007). Preliminary study of the chemical 
composition of rice milling fractions stabilized 
Communication in Physical Sciences 2020, 5(2):210-222  219 
 
 
 
by microwave heating.    Journal of Food 
Composition and Analysis, 20, 7, 627-637.  
Ali, H.  & Khan, E. Ilahi, I. (2019). Environmental 
chemistry and ecotoxicology of hazardous 
heavy metals: environmental persistence, 
toxicity, and bioaccumulation. Journal of 
Chemistry, 
https://doi.org/10.1155/2019/6730305 
Aoshima, K. (2016). Itai-itai diseases: Renal 
tubular osteomalacia induced by 
environmental exposure to cadmium-historical 
review and perspectives. Soil Science and 
Plant Nutrition, 62, 4, pp. 319-326.  
ATSDR (2005). Agency for Toxic Substances and 
Disease Registry. Toxicological profile for  
nickel.  Atlanta, GA: U.S. Department of 
Health and Human Services, Public Health 
Service. 
https://www.atsdr.cdc.gov/toxprofiles/tp15.pd
f (accessed 10 April, 2020). 
ATSDR (1988). Agency for Toxic Substances and 
Disease Registry. Toxicological profile for 
nickel.  Atlanta, GA, USA: ATSDR/ U.S. 
Public Health Service, ATSDR/TP-88/19.  
ATSDR (1999).  Agency for Toxic Substances 
and Disease Registry. Toxicological Profile 
for  
     cadmium. US Department of Human and 
Health Services. 
ATSDR (2007). Agency for Toxic Substances and 
Disease Registry. Toxicological profile for 
arsenic.  Draft for Public Comment. 
 ATSDR (2008). Agency for Toxic Substances 
and Disease Registry. U.S. Department of 
Health and human Services. Division of 
Toxicology and Environmental Medicine and 
Educational Services, Case Studies in 
Environmental Medicine (CSEM) Cadmium 
Toxicity Pp 20 -21. Available  online: 
https://www.atsdr.cdc.gov/csem/cadmium/do
cs/cadmium.pdf (accessed 14 April 2020). 
ATSDR (2012). Agency for Toxic Substances and 
Disease Registry. Toxicological profile for 
chromium. Atlanta, GA: U.S. Department of 
Health and Human Services, Public Health 
Service.   
https://www.atsdr.cdc.gov/toxprofiles/tp7.pdf  
(accessed 12 April 2020) 
ATSDR (2004). Agency for Toxic Substances and 
Disease Registry, U.S. Department of Health 
and Human Services, Atlanta, GA. 
Toxicological profile for copper. 
Chaudhari, P. R., Tamrakar, N., Singh, L., 
Tandon, A. & Sharma, D. (2018). Rice 
nutritional and medicinal properties: A review 
article. Journal of Pharmacognosy and 
Phytochemistry, 7, 2, pp. 150-156.  
Chen, H., Yang, X., Wang, P., Wang, Z., Li, M. & 
Zhao, F. (2018).Dietray cadmium intake from 
rice and vegetables and potential health risk: A 
case study in Xiangtan, Southern China. 
Science of the Total Environment, 639, 15, 
271-277.  
Chi, Y., Li, P., Tam, N. F., Liu, C., Ouyang, Y., 
Qi, X., Li, W, C. & Ye, Z. (2018). Variation in 
grain cadmium and arsenic concentrations and 
screening for stable low-accumulating rice 
cultivars from multienvironment trials. 
Science of the Total Environment, 643, 1, pp. 
1314 -1324. 
COMA (Committee on Medical Aspects of Food 
Policy) 1991. Dietary reference values for food  
 energy and nutrients for the United Kingdom. 
Department of Health Report. HMSO. 
London.  41, 181- 182. HMSO. London. 
Copper Reference Dose (RfD),  
https://www.michigan.gov/documents/deq/de
q-rrd-chem-CopperDatasheet_527899_7.pdf       
(accessed 10 April 2020). 
Daldrup, T., Haarhoff, K. & Szathmary, S. G. 
(1985). Toedliche nickel sulphate – 
intoxication.  Berichtezur Gerichlichen 
Medizin, 41, pp. 141 – 144. 
Das, K.K., Das, S.N. & Dhundasi, S.A. (2008). 
Nickel, its adverse health effects & oxidative 
stress. Indian J Med Res., 128, pp. 412-425. 
Deng, Y., Wang, M., Tian, T., Lin, S., Xu, P., 
Zhou, L., Dai, C., Hao, Q., Wu, Y., Zhai, Z., 
Zhu, Y., Zhuang, G. & Dai, Z. (2019). The 
effect of hexavalent chromium on the 
incidence and mortality of human cancers: A 
metal-analysis based on published 
epidemiological cohort studies. Frontier 
Oncology, https://doi.org/10.3389/fonc 2019 
.00024. 
Eddy, N. O. & Ekop, A. S. (2005).  Comparative 
studies of the level of toxicant in the seeds of 
Terminalia catappa (Indian almond) and 
Coulaedulis (African walnut). CHEMCLASS 
Journal 2, pp. 14-76.  
Eddy, N. O. & Udoh, C. L. (2005).  Proximate 
evaluation of the nutritional value of some 
soup thickeners. CHEMCLASS Journal, 2, pp. 
12-14. 
Communication in Physical Sciences 2020, 5(2):210-222  220 
 
 
 
ENHIS, 2007. European Environment and Health 
Information System. Exposure of children t 
chemical hazards in food. Fact sheet No.44   
     http://www.euro.who.int/__data/assets/pdf_  
file/ 0003/97446/4.4.pdf?ua=     (accessed 13 
th April 2020). 
Environmental Protection Division (EPD) of the 
Georgia Department of Natural Resources, 
Atlanta, 
 GA 30334, United States. Human Health and 
Marine mammal Risk.   
      https://www.epd.gov.hk/eia/register    
/report/eiareport/eia_1062005/eia_report/eng/
html/Annex/Annex%20C.htm   (Accessed  5th 
of April  2020). 
EPA (1986). Environmental Protection Agency. 
Health assessment document for nickel and 
nickel compounds, Research Triangle Park, 
NC: Office of Health and Environmental 
Assessment, Environmental Criteria and 
Assessment Office, EPA-600/8- 83-012F. 
NTIS PB86-232212. 
FAO Rice Publications. http://www.fao.org/-
economic/est/publications/rice-publication -
s/en/.  (15th April, 2020). 
FAO/WHO (1982). Evaluations of the joint 
FAO/WHO Committee on food additives 
(JECFA).  
Twenty - six meeting of the joint FAO/WHO 
Expert committee on food additives. 
FAO/WHO (2011). Safety evaluation of certain 
contaminant in food. WHO food additives 
series: 63,  
FAO JECFA Monographs 6, seventy – second 
meeting of the joint FAO/WHO Expert 
committee on food additives. 
FAO/WHO (2017). Joint FAO/WHO Food 
Standards Programme, 2017. CODEX 
Committee on Contaminant in Foods, 
Eleventh Session, Rio de Janeiro, Brazil. 
FAOSTAT. (2018). Food and Agriculture 
Organisation of the United Nations. Crops. 
http://www.fao.org/faostat/en/#data/QC/visua
lize. Accessed 3rd April, 2020. 
Fowler, B.A., Alexander, J. & Oskersson, A. 
(2015). Toxic metals in food, in: Nordberg, 
G.F., Fowler, B.A and Nordberg, M. (Eds),  
Handbook of the Toxicology of Metals. 
Academic Press,  Armsterdam, pp. 123 – 140. 
Gerba, C.P. (2019). Risk assessment, in: Brusseau, 
M.L., Pepper, I.L and Gerba, C.P. (Eds), 
Environmental and Pollution Science. Elsevier 
Inc,  pp. 541 – 563. 
Goodman, J. E., Prueitt, R.L.., Thakali, S. & Oller, 
A.R. (2011). The nickel ion bioavailability 
model of the carcinogenic potential of nickel-
containing substances in the lung. Critical 
Review and Toxicology, 41, pp. 142–174.  
IARC (1990). International Agency for Research 
on Cancer. Chromium, nickel and welding, 
IARC  
 Monographs on the Evaluation of carcinogenic 
risks to humans, Vol 49, France. 
IARC (1987). Summaries & evaluations: Arsenic 
and arsenic compounds (Group 1). Lyon, 
International Agency for Research on Cancer, 
p. 100 (IARC Monographs on the Evaluation 
of Carcinogenic Risks to Humans, Supplement 
7.  
Innocent, M.C., Asomugha, L. A., Ukamaka, M. 
N. & Aronu, M.E. (2016). Ultrasound 
measured testicular volume in Nigerian adults: 
Relationship of the three formulae with 
heights, body weight, body surface area, and 
body – mass index.  International Journal of 
Advanced Medical Research, 3, pp. 85 – 90. 
Ivica, K. (2015). Effects of soil contamination on 
the selection of remediation method, in: 
Nediljka, G. (Ed). Hand Book of Research on 
Advancements in Environmental Engineering. 
IGI Global, Pennsylvania, p. 205.  
JECFA (2000). Summary and conclusions of the 
fifty-fifth meeting, Geneva, 6–15 June 2000. 
Geneva, World Health Organization, Joint 
FAO/WHO Expert Committee on Food 
Additives.  
JECFA (2010). Summary and conclusions of the 
seventy-second meeting of the Joint 
FAO/WHO Expert Committee on Food 
Additives, Rome, 16–25 February 2010. Rome, 
Food and Agriculture 
 Organization of the United Nations; Geneva, 
World Health Organization (JECFA/72/SC) 
Juliano, B. O., Paul, A. & Tuano, P.(2019). Gross 
structure and composition of the rice grain. 
DOI: 10.1016/B978-0-12-811508-4.00002-2 
Liu, J., Ma, Z., Wang, M. & Sun, W. X. (2013). 
Genotype  differences among rice cultivars in 
lead accumulation and translocation and the 
relation with grain Pb levels. Ecotoxicology 
and Environmental Safety, 90, 1, pp. 35-40.  
Mao, C., Song, Y., Chen, L., Ji, J., Li. J., Yuan, 
X., Yang, Z., Ayoko, G. A., Frost, R. L. & 
Theiss, F. (2019). Human health risks of heavy 
metals in paddy rice based on transfer 
Communication in Physical Sciences 2020, 5(2):210-222  221 
 
 
 
characteristics of heavy metals from soil to 
rice.  Catena, 175, pp. 339-348.  
Mcgregor, D. B., Baan, R. A. Partensky, C. Rice, 
J. M.  & Wilbourn, J. D. (2000). Evaluation of 
the  carcinogic risks to humans associated with 
surgical implants and other foreign bodies. A 
report of an IARC Monographs Programme 
Meeting. European Journal of Cancer, 36, pp. 
307 – 313. 
Muthayya, S., Sugimoto, J. D., Montgomery, S. & 
Maberly, G. F. (2014). An overview of global 
rice production, supply, trade, and 
consumption. Ann N Y. Academy of Science, 
1324, pp. 7-14.  
National Standard of the People’s Republic of 
China, (2012)G.B 2762 – 2012, National Food 
Safety Standard, maximum levels of 
contaminants in food. 
Nawaz, A., Khuoshid, K., Arif, M.S. & Kanjha, 
A.M. (2006). Accumulation of heavy metals in 
soil and rice plant (oryza sativa L.) irrigated 
with industrial effluents. International Journal 
of Agricultural Biology, 8, pp. 391 – 393. 
Nayar, N. M. (2014). Origins and Phylogeny of 
Rice, Academic press, Armsterdam. pp. 1 -14. 
New York State Department of Health (2020). 
Chromium III and VI (reference Dose).   
      https://www.dec.ny.gov/docs/remediation_  
hudson_pdf/appendixa.pdf (Accessed 8 April . 
Ogunlade, O., Adalumo, O.A. & Asafa, M.A. 
(2015). Challenges of body mass index 
classification: new criteria for young adult 
Nigerians. Nigeria Journal of Health Science, 
15, pp.  71 – 74. 
Oko, A. O., Ubi, B. E., Efisue, A. A. & Dambaba, 
N. (2012). Comparative Analysis of the 
Chemical Nutrient Composition of Selected 
Local and Newly Introduced Rice Varieties 
Grown in Ebonyi State of Nigeria 
International Journal of Agriculture and 
Forestry, 2, 2, pp. 16-23. 
Oller, A.R., Costa, M. & Oberdorster, G. (1997). 
Carcinogenicity assessment of selected nickel  
compounds. Toxicology and Applied 
Pharmacology., 143,pp.  152 – 166. 
Onyedum, S. ., Adefolalu, F.S., Muhammad, 
H.L., Apeh, D.O., Agada, M.S. &  Imiewanrin, 
M.R. (2020). Occurrence of major mycotoxins 
and their dietary exposure in North – Central 
Nigeria  staples, Scientific African, 7, e00188. 
https://doi.org/ 10.1016/j.sciaf.2019.e00188  
Rice, K. M., Walker, E.M., Wu, M., Gillette, C. & 
Blough, E. R., (2014). Environmental mercury 
and  its toxic effects. Journal of Preventive 
Medicine and  Public Health, 47, pp. 74 – 83. 
Rossman, T. (2007). Arsenic, in: Rom, W., & 
Markowitz, S., (Eds), Environmental and 
Occupational Medicine. Lippincott Williams 
& Wilkins, Maryland, pp. 1006–1017. 
Satpathy, D., Rededy, M.V. & Dhal, S.P. (2014). 
Risk assessment of heavy metals 
contamination in paddy soil, plants, and grains 
(Oryza sativa L.) at the East Coast of India, 
Journal of Biomedicine and Biotechnology, 3, 
4, pp. 545473. https://doi.org/ 10.1155/ 
2014/545473 
Selkop, S.k.  & Oller, A.R. (2003). Respiratory 
cancer risks associated with low – level nickel  
exposure: an integrated assessment based on 
animal, epidemiological and mechanistic data. 
Regul. Toxicol. Pharmacol., 37, pp. 173 – 190. 
Shabbir, M.A., Anjum, F.M., Khan, M.R., 
Nadeem, M. & Saeed, M. (2013). Assessment 
of heavy metals and aflatoxin levels in export 
quality Indica rice cultivars with different 
milling fractions. African Journal of 
Agricuktural Research, 8, pp. 3236 – 3244.  
Simmons, R.W., Pongsakul, P., Saiyasit, P.D. & 
Klinphoklap, S. (2005). Elevated levels of 
cadmium and zinc in paddy soils and elevated 
levels of cadmium in rice grain Downstream of 
a zinc mineralized area in Thailand. 
Implications for public health. Environmental 
Geochemistry and Health, 27, pp.  501 – 511. 
Simmons, R.W., Pongsakul, P., Chaney, 
R.L., Saiyasitpanich, D. & Klinphoklap, S.W. 
(2003). The relative exclusion of zinc and iron 
from rice grain in relation to rice grain 
cadmium as compared  to soybean: 
Implications for Human Health. Plant and 
Soil,  257, pp. 163–170. 
Sunderman, F.W., Dingle, B., Hopper, S.M. & 
Swift, T. (1988). Acute nickel toxicity in 
electroplating 
 workers who accidentally ingested a solution of 
nickel sulphate and nickel chloride. Am. J.  
Indust. Med., 14, pp.  257 – 266. 
U.S. EPA (2000)Reference dose for methyl- 
mercury (External review draft,. U. S. 
Environmental protection agency, 
Washington, D.C., NCEA-S-0930. 
United States Environmental Protection Agency 
(US EPA) Arsenic, inorganic (reference 
Dose). Environmental Protection Agency, 
Integrated Risk Information Sstem; 
Communication in Physical Sciences 2020, 5(2):210-222  222 
 
 
 
Washington, DC, USA: 1993. CASRN 7440-
38-2. 
United States Environmental Protection Agency 
(US EPA) Cadmium (Reference 
Dose). Environmental Protection Agency, 
Integrated Risk Information System; 
Washington, DC,  USA: 1993. CASRN 7440-
38-2.  
USDOE (2011), The Risk Assessment Information 
System (RAI), U.S. Department of Energy’s 
Oak Ridge Operations Office (ORO). 
USEPA (2014). Overview of human health risk 
assessment. Office of Research and 
development, National Center for 
Environmental Assessment, National Institute 
of Environmental Health       Science 
Superfund Research Program.  
https://www.niehs.nih.gov/research/supported
/centers/srp/assets/docs/srp_risk_assessment_
arzuaga_508.pdf    (Accessed 12 April, 2020). 
USEPA (2005). Human health risk assessment 
protocol, Chapter 6: Quantifying exposure, 
multimedia planning and permitting Division,  
     Office of Solid waste, Center for Combustion 
Science and  Engineering. https://www. 
weblakes.com/products /iraph/resources hhrap 
/chp_6.pdf  (Accessed 27 April 2020). 
WHO. (2000). WHO air quality guidelines for 
Europe, 2nd Edition. WHO Regional 
Publications, European Series, No. 91. 
WHO/GEMS/Food consumption database 
(2012).https://www.who.int/nutrition 
/landscape _analysis/nlis_gem_food/en/( 
accessed 9 April 2020). 
World Bank. (2018). The World Bank, Life 
Expectancy at Birth, Total (years) – Nigeria. 
     https://data.worldbank.org/indicator/SP. 
DYN.LE00.IN?locations=NG (accessed 15 
April 2020).  
WHO. (2010). Exposure to cadmium: A major 
public health concern. Public Health and 
Environment, World Health Organization, 20 
Avenue Appia, 1211 Geneva 27, Switzerland. 
https://www.who.int/ipcs/features/cadmium.p
df (accessed 14 April 2020). 
WHO. (2019). Lead poisoning and health. 
https://www.who.int/news-room/fact-
sheets/detail/lead-poisoning-and-health 
(accesed 17 April 2020). 
Yip, L. & Dart, R. (2001). Arsenic, in: Sullivan J 
and Kreiger G, (Eds). Clinical Environmental 
Health and Toxic Exposures. Lippincott 
Williams & Wilkins, Philadelphia, pp. 858-
865. 
Zarcinas, B.A., Pongsakul, P., McLaughlin, M..J. 
& Cozens, G. (2004).Heavy metals in soils and 
crops in Southeast Asia. 2. Thailand. 
Environmental Geochem Health, 26, pp. 359-
71. 
Zeng, F., Wei, W., Li, M.,Huang, R.,Yang, F. & 
Duan, Y. (2015). Heavy metal contamination 
in rice producing soils of Hunan Province, 
China and potential health risks. International 
Journal of Environmental Research in Public 
Health, 12, 2, pp. 15584 – 15593. 
 
Appendix 1: Reference doses (RfD) and  Slope factors (SF) for oral exposure to chemicals 
 
Elements RfD 
mg/kg/day 
Source SF 
mg/kg/day 
Source 
As 
Hg 
Cd 
Cr vi 
Cu 
 
 
 
Ni 
Pb 
3 x 10ିସ 
1 x 10ିସ 
1 x 10ିଷ 
3 x 10ିଷ 
4 x 10ିଶ 
 
 
 
2 x 10ିଶ 
0.00143 
US EPA 
US EPA 
US EPA 
US EPA,  
US EPA,  
NY Dept. of Health,  
EPD Georgiac 
ATSDRd, EPD Georgia 
EPD Georgia 
1.5 
   - 
0.38 
0.5 
- 
 
 
 
0.91 
0.0085 
US EPAa 
 
RAI, US DOEe 
RAI, US DOE 
 
 
 
 
EPD Georgia 
EPD Georgia 
.  
